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Abstract

Background: Opioids have been used for the management of pain and coadministration of two opioids may
induce synergism. In a model of tonic pain, the acetic acid writhing test and in a phasic model, the hot plate, the
antinociceptive interaction between fentanyl, methadone, morphine, and tramadol was evaluated.

Results: The potency of opioids in the writhing test compared to the hot plate assay was from 2.5 (fentanyl) to
15.5 (morphine) times, respectively. The ED50 was used in a fixed ratio for each of the six pairs of opioid
combinations, which, resulted in a synergistic antinociception except for methadone/tramadol and fentanyl/
tramadol which were additive, in the hot plate. The opioid antagonists naltrexone, naltrindole and nor-binaltorphimine,
suggests that the synergism of morphine combinations are due to the activation of MOR subtypes with partially
contribution of DOR and KOR, however fentanyl and methadone combinations are partially due to the activation of
MOR and DOR subtypes and KOR lack of participation. The antinociceptive effects of tramadol combinations, are
partially due to the activation of MOR, DOR and KOR opioid subtypes.

Conclusion: These results suggets that effectiveness and magnitude of the interactions between opioids are
dependent on pain stimulus intensity.
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Background
Opioids have been the main drugs used in the manage-
ment of pain for several decades. However, repeated use
of opioids, such as morphine and heroin, cause analgesic
tolerance, physical dependence, and opioid addiction [1].
Opioid effects are mediated by three major types of opioid
receptors: μ-, δ-, and κ-opioid receptors (MORs, DORs,
and KORs, respectively) [2]. Previous studies have shown
that majority of opioid effects, including analgesia, tole-
rance, and addiction, are primarily mediated by MORs,
however the effects of the other two opioid receptors re-
main elusive [1,2]. Several types of analgesic combinations
are available for the treatment of pain, using drugs which
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differ in their mechanisms of action with the aim of
maximize therapeutic efficacy while minimizing side ef-
fects. Also, fixed ratio drug combinations are widely used
[3]. Combinations between different non-steroidal anti-
inflammatory drugs (NSAIDs) and opioids, have been
evaluated either experimentally or clinically [4-8]. How-
ever, combinations of two opioid receptor agonists have
been poorly explored experimentally [9,10]. There is
scarce information about clinical trials performed with
opioid associations in patients affected by pain [11].
From the theoretical point of view, the combination
opioid-opioid could induce an adequate control of pain,
with a reduced doses and less adverse effects.
In this study, a tonic model of induced pain, the writh-

ing test was selected as a model of acute visceral pain,
because it seems to be a model of clinical relevancy in
intestinal pain in humans [12]. The acetic acid is an easy
and fast screening model to access the activity of analgesic
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drugs and their mechanisms. These models induce a char-
acteristic and quantifiable overt pain-like behaviour de-
scribed as a writhing response or abdominal contortion
[13]. A phasic model of induced pain was also utilized, the
hot plate assay [14]. In this assay, the latency to pain reflex
behaviour is measured.
The purpose of this study was to evaluate the inter-

action between all possible combinations of the follow-
ing opioids: morphine, methadone, tramadol and fentanyl,
in both models of pain. The analysis of the interaction was
carried out by isobolographic analysis with the calcula-
tions of the interactions indexes. Besides the role of the
antagonists of different subtypes of opioid receptors in the
interaction was evaluated.

Methods
In all experiments CF-1 male mice, weighing 28–30 g,
housed in a 12-h light–dark cycle at 22 ± 1°C, with free
access to food and water were used. The animals were
acclimatized to the laboratory environment for at least
2 h before use. Experiments were carried out in accord-
ance with the Guide for the Care and Use of Laboratory
Animals issued by the National Institute of Health, and
experimental procedures were approved by the Institu-
tional Animal Care and Use Committee at the Universi-
dad de Chile, Santiago, Chile. Each animal was used only
once, and received only one dose of the drugs tested. All
drugs were freshly prepared by dissolving them in nor-
mal saline, and administered intraperitoneally (i.p.). The
authors performed all observations in a randomized and
blind manner. Control saline animals were run inter-
spersed concurrently with the drug-treated animals (at
least two mice per group), which prevented all the con-
trols being run on a single group of mice at one time
during the course of the research.

Acetic acid writhing test
A modification of the method previously described was
used [15]. To perform the test, mice were injected i.p.
with10 mL/kg of 0.6% acetic acid solution, 30 min after
the i.p. administration of the drugs, a time at which pre-
liminary experiments showed the occurrence of the ma-
ximum effect. A writhe is characterized by a wave of
contractions of the abdominal musculature, followed by
the extension of the hind limbs. The number of writhes
in a 5 min period was counted, starting 5 min after the
administration of acetic acid. Antinociceptive activity
was expressed as the maximum possible effect (% MPE)
of the percent inhibition of the usual number of writhes
observed in control animals ( 20.4 ± 0.36, n = 12). The
dose of the drug that produced 50% of MPE (ED50) was
calculated from the linear regression analysis of the
curve obtained by plotting log dose vs percentage of
MPE.
Hot plate test
This thermal antinociceptive test was performed accor-
ding with a modification to the method of Eddy and
Leimbach [16]. A commercial device (Ugo Basile, Italy)
was calibrated at 50 ± 0.2°C and the cut-off time was set
at 30 sec. Each mouse was placed on the heated surface
and the time, in sec, between placement and licking or
shaking the hind paw or jumping was recorded as re-
sponse latency and is a sign of thermal nociception. Each
animal was tested twice before (control latency = 15.50 ±
0.40) and after the drug administration and the antinoci-
ceptive activity and was expressed as the maximum pos-
sible effect (MPE) using the formula:

%MPE ¼ ½ drug latency – control latencyð Þ=
30 sec–control latencyð Þ� � 100

Protocols
Writhing and hot plate test
Dose–response curves for i.p. administration of the fol-
lowing opioids: morphine, methadone, fentanyl and
tramadol were obtained using eight animals with at least
four doses for each. Linear regression analysis of the log
dose–response curves allowed the calculation of the do-
ses that produced 50% of antinociception (ED50), when
each drug was administered alone. ED50 was used in the
acetic acid writhing test or in the hot plate assay, as the
equieffective dose for isobolographic analysis. Then a si-
milar dose–response curve was also obtained and analysed
after the coadministration of morphine with methadone,
fentanyl and tramadol. Similarly, after the coadministra-
tion of methadone with fentanyl and tramadol, and finally,
coadministration of fentanyl and tramadol. The dose–re-
sponse curve was obtained by the intraperitoneal coad-
ministration of each mixture of opioids in fixed ratio
combinations of fractions of their respective ED50 values:
1/2, 1/4, 1/8, 1/16. In addition, the effect of the pretreat-
ment on the mice with naltrexone (NTX), naltrindole
(NTI) and nor-binaltorphimine (nor-BNI) in the antinoci-
ception induced by the coadministration of opioids was
evaluated.

Isobolographic analysis
Isobolographic analysis was used to characterize drug in-
teractions. The method of isobolographic analysis has
been previously described in detail [5,17]. The isobolo-
grams were constructed by connecting the ED50 of one
opioid plotted on the abscissa with the ED50 of other
opioid plotted on the ordinate, to obtain the additive
line. For each mixture of opioids, the ED50 and its asso-
ciated 95% confidence intervals (CL) were determined
by linear regression analysis of the log dose–response
curve (eight animals at each with at least four doses),
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and compared by a t test to a theoretical additive ED50

that was obtained from: ED50 add = ED50 one opioid/
(P1 + R X P2 ) where R is the potency ratio of one opioid
alone compared to the other opioid alone, P1 is the pro-
portion of one of the opioids and P2 is the proportion of
the other opioid in the total mixture.
In this study, fixed ratio proportions were selected,

first by combining the ED50 of each compound, and then
constructing a dose–response curve in which ED50 frac-
tions (1/2, 1/4, 1/8, and 1/16) of the one opioid and the
other opioid combination were administered. In the
equation above, ED50 add is the total dose and the vari-
ance of ED50 add was calculated from the fraction of the
ED50s (i.e., 0.5) in the combination as:

Var ED50 add ¼ 0:5ð Þ2 Var ED50 one opioid
þ 0:5ð Þ2Var ED50 the other opioid

From these variances, confidence limits were calcu-
lated and determined according to the ratio of the indi-
vidual drugs in the combination. The ED50 for the drug
combinations was obtained by linear regression analysis
of the dose–response curves. Supra-additivity or synergis-
tic effect is defined as the effect of a drug combination
that is higher and statistically different (ED50 significantly
lower) than the theoretically calculated equieffect of a
drug combination with the same proportions. If the ED50s
are not statistically different, the effect of the combination
is additive, and additivity means that each constituent
contributes with its own potency to the total effect.
Furthermore, the interaction index (I.I.), or the com-

bination potency to additive potency ratio, indicates the
magnitude and nature of the interaction. I.I. It was cal-
culated as :I.I. = experimental ED50/theoretical ED50.

When the value is close to 1, the interaction is ad-
ditive. Values lower than 1 are indications of the supra-
additive or synergistic interactions magnitude, and values
higher than 1 correspond to sub-additive or antagonisti-
cinteractions [5,17].

Drugs
All drugs were freshly dissolved in saline on a constant
volume of 10 ml/kg and administered as mg/kg. Mor-
phine hydrochloride, methadone hydrochloride, fentanyl
citrate, tramadol hydrochloride, naltrexone hydrochloride,
naltrindole hydrochloride and nor-BNI dihydrochloride
were purchased from Sigma Chemical Co, USA. Doses
were expressed on the basis of the salts.

Statistical analysis
Results are presented as a mean ± standard error of the
mean (SEM) or as ED50 values with 95% confidence
limits (95% CL). All calculations, including the statistical
analysis of the isobolograms related to the difference
between experimental ED50 and theoretical ED50 values
by Student’s t test for independent means, were performed
with the program Pharm Tools Pro (version 1.27; McCary
Group Inc., PA, USA), and based on Tallarida [17]. P
values under 0.05 (P < 0.05) were considered significant.

Results
The opioid treatments in this study did not affect the
functional aspect of the mice, because no abnormality
was observed in the motor function after the opioid
treatments, even at the highest doses used in this study.

Antinociception induced by opioids
The i.p. administration of morphine (0.01, 0.03, 0.1 and
0.3 mg/kg), displayed a dose-dependent antinociceptive
activity with different efficacy in the acetic acid writhing
assay of the mice, and the ED50 resulted to be 0.124 ±
0.018 mg/kg. The administration of methadone (0.01,
0.03, 0.1 and 0.3 mg/kg), induced a dose–response curve,
and the ED50 was 0.005 ± 0.018 mg/kg. After the adminis-
tration of fentanyl (0.001, 0.003, 0.01 and 0.03 mg/kg) the
ED50resulted in 0.016 ± 0.002 mg/kg. The adminis-
tration of tramadol (1, 3, 10 and 30 mg/kg) with an
ED50 of 3.904 ± 0.495 mg/kg. The ED50 demonstrated
the following rank of efficacy: fentanyl > methadone >
morphine > tramadol. All these results are summarized
in Figure 1 and Table 1.
In the hot-plate test of mice, the same doses of opioids

induced a dose-dependent antinociception with different
efficacy. The ED50 values of fentanyl, methadone, morphine
and tramadol were 0.040, 0.24, 1.94 and 30.53 mg/kg,
respectively (see Table 2).
The rank of potency of opioids in the writhing test to

hot plate assay was from 2.5 (fentanyl) to 15.5 (morphine)
times, respectively.

Effect of naltrexone (NTX), naltrindole (NTI) and nor-BNI
in the antinociception of opioids
In the writhing test, the pretreatment with NTX, 1 mg/kg
i.p. antagonized the antinociceptive activity of the ED50

of morphine, fentanyl and methadone, but partially re-
versed the effect of tramadol. The administration of
2 mg/kg i.p. of NTI, antagonized the antinociception in-
duced by morphine and fentanyl, however, partially re-
versed the effect of methadone and tramadol. The
administration of 3 mg/kg i.p. of nor-BNI, partially an-
tagonized the antinociceptive activity of morphine and
tramadol, but there was a lack of effect in the antinoci-
ception induced by fentanyl and methadone, all these
results are summarized in Table 1. In the case of hot
plate assay, NTX antagonized the antinociceptive activ-
ity of morphine, methadone, fentanyl and tramadol. The
pretreatment with NTI antagonized the antinociceptive
action of all opioids with the exception of tramadol. In
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Figure 1 Dose–response curves for the antinociceptive activity in the writhing test of mice induced by fentanyl, methadone, morphine
and tramadol. Each point is the mean ± SEM of six animals. % MPE = antinociception represented as a percentage of maximum possible effect.
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addition, mice pretreated with nor-BNI lack of effect in
the antinociception produced by all the opioids tested.
These results are summarized in Table 2. The opioid an-
tagonist doses were adapted or modified from previously
published studies that showed the pharmacological activ-
ity of each individual receptor subtype [18-23].

Interactions between opioids
The antinociceptive activity interactions of the i.p. coad-
ministration on the basis of a fixed ratio of (1:1) combin-
ation of their ED50 values alone of the different opioids
used in this work was evaluated by isobolographic
analysis.
The isobolograms demonstrated that all the mixtures of

opioids, in the writhing test of the mice, resulted in syner-
gistic interaction of different magnitudes as can be seen
Table 1 ED50 values, in mg/kg ± SEM, for the antinociceptive
activity of intraperitoneal administration of fentanyl,
methadone, morphine and tramadol without and with
naltrexone (NTX) 1 mg/kg i.p., naltrindole (NTI) 2 mg/kg i.p.
and nor-BNI 3 mg/kg i.p. in the writhing test of mice

Drug ED50 ± SEM

Alone + NTX + NTI + nor-BNI

(n = 24) (n = 24) (n = 24) (n = 24)

Fentanyl 0.016 ± 0.002 3.04 ± 0.38* 2.89 ± 0.42 0.017 ± 0.003

Methadone 0.085 ± 0.005 1.45 ± 0.15* 0.065 ± 0.008 0.081 ± 0.006

Morphine 0.125 ± 0.019 2.20 ± 0.36* 1.56 ± 0.15* 0.097 ± 0.14

Tramadol 3.904 ± 0.495 4.24 ± 0.80 2.98 ± 0.35 2.86 ± 0.65

All results between opioids alone are significant (P < 0.05). *P < 0.05 comparing
with ED50 alone. n = number of animals used in each drug determination.
in Figure 2 (panel A-F). Table 3 shows the theoretical
additive and the experimental ED50 values for the com-
binations with their 95% CL and their interaction index
values.
Furthermore, the interaction index values of the i.p. com-

binations on the writhing test, demonstrated the following
rank of potencies: morphine with methadone >methadone
with fentanyl >morphine with tramadol >morphine with
fentanyl >methadone with tramadol > fentanyl with tramadol
as it is shown in Table 3.
In the hot plate assay, the isobolographic analysis of

the opioids coadministration on the basis of a fixed ratio
of (1:1) combination of their ED50 values alone, resulted
in a synergistic interaction between morphine with metha-
done, methadone with fentanyl, morphine with fentanyl
and morphine with tramadol. The mixtures methadone
Table 2 ED50 values, in mg/kg ± SEM, for the
antinociceptive activity of intraperitoneal administration
of fentanyl, methadone, morphine and tramadol without
and with naltrexone (NTX) 1 mg/kg i.p., naltrindole (NTI)
2 mg/kg i.p. and nor-BNI 3 mg/kg i.p. in the hot plate test
of mice

Drug ED50 ± SEM

Alone + NTX + NTI + nor-BNI

(n = 24) (n = 24) (n = 24) (n = 24)

Fentanyl 0.040 ± 0.002 2.41 ± 0.25* 2.51 ± 0.25* 0.037 ± 0.003

Methadone 0.24 ± 0.015 0.58 ± 0.08* 0.011 ± 0.008* 0.022 ± 0.006

Morphine 1.94 ± 0.084 3.82 ± 0.36* 3.56 ± 0.15* 2.31 ± 0.44

Tramadol 30.53 ± 0.98 34.74 ± 1.25* 32.14 ± 0.53 29.75 ± 2.58

All results between opioids alone are significant (P < 0.05). *P < 0.05 when
comparing con opioids alone.
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Figure 2 Isobolograms for the administration of the combination of methadone with morphine (2 A), methadone with fentanyl (2 B),
tramadol and morphine (2 C), fentanyl and morphine (2 D),tramadol with methadone (2 E) and tramadol with fentanyl (2 F), in the
writhing test of mice. Theoretical ED50 value with 95% CL (●). Experimental ED50 value with 95% CL (○).
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with tramadol and fentanyl with tramadol resulted only
additive, as can be seen in Figure 3 (panel A-F). In ad-
dition, Table 4 shows the theoretical additive and the ex-
perimental ED50 values for the different combinations
with their 95% CL and their interaction index values. In
Table 3 Theoretical and experimental ED50 values with 95% C
of the intraperitoneal coadministration of morphine with
with tramadol, fentanyl with methadone, methadone with
test of mice

Drugs ED50 (9

Theoretical

Morphine/methadone 0.104(0.14-0.07)

Methadone/fentanyl 0.050(0.07-0.03)

Morphine/tramadol 2.014(3.55-1.14)

Morphine/fentanyl 0.070(0.10-0.05)

Methadone/tramadol 1.994(3.01-1.31)

Fentanyl/tramadol 1.960(2.88-1.32)

*P < 0.05 compared with ED50 theoretical.
this assay, the rank of potency of the interaction index
was: morphine with methadone >methadone with fen-
tanyl > morphine with fentanyl > morphine with trama-
dol >methadone with tramadol > fentanyl with tramadol
as it is shown in Table 4.
L, and interaction index for the antinociceptive activity
methadone, morphine with fentanyl, and morphine
tramadol, and fentanyl with tramadol in the writhing

5% CL) Interaction index

Experimental

0.023*(0.03-0.02) 0.226

0.019* (0.02-0.01) 0.387

0.811* (1.05-0.64) 0.403

0.034* (0.06-0.02) 0.487

1.032* (2.20-0.62) 0.518

1.023* (1.68-0.70) 0.522



Figure 3 Isobolograms for the administration of the combination of methadone with morphine (3 A), methadone with fentanyl (3 B),
fentanyl and morphine (3 C), tramadol and morphine (3 D),tramadol with methadone (3 E) and tramadol with fentanyl (3 F), in the hot
plate test of mice. Theoretical ED50 value with 95% CL (●). Experimental ED50 value with 95% CL (○).
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The relation between the interaction index, in the opi-
oid mixtures changes from 1.41 in morphine with fen-
tanyl to 2.35 in morphine with methadone, respectively,
to compare both assays. In addition, the ratio of experi-
mental ED50 of the opioid combinations, in the writhing
to hot plate tests, varied from 4 in methadone with fen-
tanyl to 25 in morphine with methadone, respectively.
Table 4 Theoretical and experimental ED50 values with 95% C
of the intraperitoneal coadministration of morphine with m
tramadol, fentanyl with methadone, methadone with tram
of mice

Drugs ED50 (9

Theoretical

Morphine/methadone 1.09 (0.14-0.07)

Methadone/fentanyl 0.14(0.28-0.06)

Morphine/fentanyl 0.99(1.14-0.85)

Morphine/tramadol 16.23(18.26-14.41)

Methadone/tramadol 15.38(1740–13.58)

Fentanyl/tramadol 15.28(15.45-15.11)

*P < 0.05 compared with ED50 theoretical.
Effect of naltrexone (NTX), naltrindole (NTI) and nor-BNI
in the interactions of opioids
Using the writhing test, NTX antagonized the antinoci-
ceptive activity of the coadministration of methadone
with fentanyl, morphine with methadone, morphine with
fentanyl, morphine with tramadol, methadone with tra-
madol, and fentanyl with tramadol. The pretreatment
L, and interaction index for the antinociceptive activity
ethadone, morphine with fentanyl, and morphine with

adol, and fentanyl with tramadol in the hot plate test

5% CL) Interaction index

Experimental

0.58*(0.7-0.02) 0.532

0.08* (0.10-0.01) 0.571

0.60* (0.78-0.20) 0.606

11.20* (12.71-9.64) 0.690

15.51 (16.85-12.62) 1.008

16.00 (16.92-15.012) 1.047



Table 6 Experimental ED50 values, without and with
naltrexone (NTX) 1 mg/kg i.p., naltrindole (NTI) 2 mg/kg
i.p. and nor-BNI 3 mg/kg i.p. for the antinociceptive activity
of the intraperitoneal coadministration of morphine with
methadone, morphine with fentanyl, and morphine with
tramadol, fentanyl with methadone, methadone with
tramadol, and fentanyl with tramadol in the hot plate test
of mice

Drugs Experimental ED50

Alone +NTX +NTI + nor-BNI

(n = 24) (n = 24) (n = 24) (n = 24)

Methadone/fentanyl 0.08 0.12* 0.15* 0.07

Morphine/Methadone 0.58 0.97* 0.89* 0.49

Morphine/fentanyl 0.60 0.97* 1.02* 0.58

Morphine/tramadol 11.20 14.41* 13.45* 10.58

Methadone/tramadol 15.51 15.30 14.89 14.52

Fentanyl/tramadol 16.00 15.65 15.02 15.61

*P < 0.05 compared with ED50 experimental alone.
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with NTI antagonized the antinociceptive action of the
all mixture of opioids. In addition, mice pretreated with
nor-BNI, the κ-opioid antagonist lack of effect in the
antinociception produced by all the different combin-
ation of opioids. All these results are summarized in
Table 5.
In the hot plate assay, NTX was able to antagonize the

antinociception induced by the combinations of mor-
phine with methadone, methadone with fentanyl, mor-
phine with fentanyl and morphine with tramadol. NTX
did not induced changes in the analgesic activity of
methadone with tramadol and fentanyl with tramadol.
The pretreatment of the mice with NTI, reply the antag-
onistic activity of NTX, however nor-BNI lack of block-
ing action in all the combinations of opioids. See all
these results in Table 6.

Discussion
Opioids are the foremost drugs in the pharmacological
treatment of pain.
However, they have not been compared extensively in

different animal pain models. The writhing test is a
model of visceral acute pain, it is very useful when draw-
ing up directions for the therapeutic administration of
drugs in humans [14]. This model was selected because
it closely resembles clinical relevant acute post operatory
pain in humans [24].
The results obtained in this work, demonstrate that

the different opioids used in this work – fentanyl the
most potent and tramadol the least potent – produced
antinociceptive activity in the acetic acid writhing test
and in the hot plate assay. The analysis of the ED50

values of four opioids reveal different efficacies depend-
ing on the selective opioid receptor ligands. Thus the
Table 5 Experimental ED50 values, without and with
naltrexone (NTX) 1 mg/kg i.p., naltrindole (NTI) 2 mg/kg
i.p. and nor-BNI 3 mg/kg i.p. for the antinociceptive activity
of the intraperitoneal coadministration of morphine with
methadone, morphine with fentanyl, and morphine with
tramadol, fentanyl with methadone, methadone with
tramadol, and fentanyl with tramadol in the writhing test
of mice

Drugs Experimental ED50

Alone +NTX +NTI + nor-BNI

(n = 24) (n = 24) (n = 24) (n = 24)

Methadone/fentanyl 0.019 0.048* 0.21* 0.018

Morphine/Methadone 0.023 0.095* 0.089* 0.019

Morphine/fentanyl 0.034 0.061* 0.058* 0.027

Morphine/tramadol 0.811 1.05* 1.10* 0.752

Fentanyl/tramadol 1.023 1.27* 1.31* 1.010

Methadone/tramadol 1.032 1.25* 1.32* 1.024

*P < 0.05 compared with ED50 experimental alone.
binding potencies in nmol for MOR are 0.39 for fen-
tanyl, 0.72 for methadone and 14 for morphine [2,25]. In
the case of the racemic tramadol, the (+) enantiomer
had a binding potency value of only 1.33 and the (−) en-
antiomer had even lower affinity of 24.8 for MOR [26].
Also, the degree of lipophilicity could help to correlate
the difference between the ED50 of the opioids. Conse-
quently, high-efficacy ligands, such as fentanyl and metha-
done possesses a higher ED50 compared to lower efficacy
ligands such as morphine with a lower ED50 [2,27].
The findings of this study are in agreement with previ-

ous works. So, morphine induced analgesia in acetic acid
writhing test, with a dose range from 0.12 – 2.67 mg/kg
[28,29] and tramadol produced antinociceptive activity
in the same test with doses between 3.9 to 14.73 mg/kg
[6]. Besides, the analgesic effect produced by fentanyl
was reported at 0.016 – 0.03 mg/kg, by using the same
assay utilized in this work [29,30]. In addition, metha-
done at 0.085 to 0.467 mg/kg, produced antinociception
in the acetic acid writhing test [31]. Also, in the hot plate
the findings are concordant with previous works. So,
antinociceptive effects of morphine, fentanyl, tramadol
and their combination it has been described [29,32] and
also the methadone induced antinociception [33].
After i.p. administration of morphine with methadone

or morphine with fentanyl or morphine with tramadol;
methadone with fentanyl or methadone with tramadol,
and fentanyl plus tramadol in the writhing test a syner-
gic interaction was obtained. In the hot plate assay, the
same combination of opioids resulted in a synergic inter-
action, except of the additivity interaction induced by
tramadol with methadone or fentanyl. These results cor-
roborate that this work supports the general premises of
interactions between drugs with the same effect but
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acting through different mechanism of action. Therefore,
one possibility in these interactions could be due to dif-
ferent types of the MOR receptor splice variant, where
each one of them may use a different downstream signal-
ling pathway, or it may be expressed in a different ana-
tomical region to exhibit a distinctive pharmacological
profile [34]. Moreover, hetero dimerization of the MOR
and other receptor may express another mechanisms in a
characteristic opioid efficacy, since the intracellular signal-
ling can be altered by receptor dimerization [35].
On the other hand, it is likely that the interactions ob-

served when combining morphine, methadone, fentanyl
and tramadol, could be related to multiple events that
underlying in the mechanisms of the different efficacy
among these opioids and dependent of pain stimulus.
The opioid interactions described, could occur at one

or more levels of cell functions including receptors, ion
channels, lipids and protein of the membrane, second
messengers, protein kinases, gene induction, or others.
These interaction events are dependent on the local con-
centration of opioids and on the nature of the nocicep-
tive stimulus and its transduction mechanisms [36].
The administration of acetic acid solution induces

nociception by increasing the levels of prostaglandins at
the peritoneum [37]. The inhibition induced by opioids
in the number of writhes produced by the administra-
tion of an acetic acid solution in mice in this work, sug-
gests the involvement of peripheral pain receptors. This
also help explain the interactions obtained in this study,
the fact that methadone is a mixed enantiomer with not
only MOR agonist but also N-methyl-D-aspartate recep-
tor antagonist and GABA antagonists, as morphine. This
condition could increase the analgesic activity of other
MOR agonists like morphine, fentanyl and tramadol [38].
Additionally, the nonopioid component of tramadol,

the inhibition reuptake of norepinephrine and serotonin,
could play an important role in the synergism obtained
in this work.
The use of opioid antagonists help to understand the

interactions induced by different combinations of opiods.
Thus, morphine effects are due to the activation of MOR
subtypes with partially contribution of DOR and KOR
subtypes. However, the combinations of fentanyl and
methadone are partially due to the activation of MOR
and DOR subtypes and lack of participation of KOR
subtypes. The analgesic effects of the combination of
tramadol with the other opiods, are partially due to
the activation of MOR, DOR and KOR opioid sub-
types, beside their activity on noradrenaline and sero-
tonin reuptake.

Conclusion
In conclusion the results from this work could be explained
by the complex pharmacology of opioids, accompanied by
a variation in the spectrum of opioids which could be
dependent of the chemical structure, physicochemical
properties, dose, receptor binding, distribution and me-
tabolism. These results provide evidence that the effec-
tiveness and magnitude of the interactions between
opioids are dependent on the intensity of the pain sti-
mulus in acute pain states. The use of lower doses of
opioids in this work may have some utility in the clinical
treatment of pain and reduce some of the adverse ef-
fects often associated with opioid administration.

Competing interests
The authors have declared that they have no competing interest.

Authors’ contributions
All the authors participated in planning research, in performing experiments,
and were responsible for data interpretation and collaborate in writing
process of the manuscript. All authors read and approved the final
manuscript.

Acknowledgments
This work was partially supported by project DI-02-11/CB from Universidad
Andres Bello.

Author details
1Pharmacology Program, ICBM, Faculty of Medicine, Universidad de Chile,
Independencia 1027, Santiago, Chile. 2Faculty of Medicine, School of
Pharmacy, Universidad Andrés Bello, Av. República 252, Santiago, Chile.
3Cardiovascular Department, Hospital Clínico, Universidad de Chile, Santos
Dumont 999, Santiago, Chile. 4Faculty of Odontology, Universidad Finis
Terrae, Providencia 1509, Santiago, Chile.

Received: 12 April 2014 Accepted: 30 June 2014
Published: 15 July 2014

References
1. Trescot AM, Datta S, Lee M, Hanssen H: Opioid pharmacology. Pain Pysician

2008, 11:S133–S153.
2. Waldhoer M, Barlett SE, Whistler JL: Opioid receptors. Ann Rev Biochem

2004, 73:753–990.
3. Mao J, Gols MS, Backonja MM: Combination drug therapy for chronic

pain: a call for more clinical studies. J Pain 2011, 12:157–166.
4. Lashbrook JM, Ossipov MH, Hunter JC, Raffa RB, Tallarida RJ, Porreca F:

Synergistic antiallodynic effects of spinal morphine with ketorolac and
selective COX1- and COX2-inhibitors in nerve-injured rats. Pain 1999,
82:65–72.

5. Miranda HF, Puig MM, Prieto JC, Pinardi G: Synergism between
paracetamol and nonsteroidal anti-inflammatory drugs in experimental
acute pain. Pain 2006, 121:22–28.

6. Miranda HF, Puig MM, Romero MA, Prieto JC: Effect of tramadol and
dexketoprofen on analgesia and gastrointestinal transit in mice.
Fund Clin Pharmacol 2009, 23:81–88.

7. Silva-Moreno A, Gonzalez-Espinosa CM, Cruz SL: Synergistic antinociceptive
actions and tolerance development produced by morphine-fentanyl
coadministration: correlation with μ-opioid receptor internalization. Eur J
Pharmacol 2012, 674:239–247.

8. Ramiro S, Radner H, Van der Heijde DM, Buchbinder R, Aletaha D, Landewé
RB: Combination therapy for pain management in inflammatory arthritis:
a Cochrane systematic review. J Rheumatol 2012, 90:47–55.

9. Kolesnikov YA, Oksman G, Pasternak GW: Topical methadone and
meperidine analgesic synergy in the mouse. Eur J Pharmacol 2010,
38:61–64.

10. Miranda HF, Noriega V, Zepeda RJ, Sierralta F, Prieto JC: Synergism
between fentanyl and tramadol in tonic inflammatory pain: the orofacial
formalin test. Inflammation 2012, 35:1132–1137.

11. Whittle SL, Richards BL, Husni E, Buchbinder R: Opioid therapy for treating
rheumatoid arthritis pain. Cochrane Database Syst Rev 2011, (11):CD003113.
doi:10.1002/14651858.CD003113.pub3.



Miranda et al. Journal of Biomedical Science 2014, 21:62 Page 9 of 9
http://www.jbiomedsci.com/content/21/1/62
12. Kurihara T, Nonaka T, Tanabe T: Acetic acid conditioning stimulus induced
long-lasting antinociception of somatic inflammatory pain. Pharmacol
Biochem Behav 2003, 74:841–849.

13. Pavao-de-Souza G, Zarpelon F, Tedeschi AC, Mizokami GC, Sanson SS,
Cunha TM, Ferreira SH, Cunha FQ, Casagrande R, Verri WA Jr: Acetic acid-
and phenyl-p-benzoquinone-induced overt pain-like behavior depends
on spinal activation of MAP kinases, PI (3)K and microglia in mice.
Pharmacol Biochem Behav 2012, 101:320–328.

14. Le Bars D, Gozariu M, Cadden SW: Animal models of nociception.
Pharmacol Rev 2001, 53:597–652.

15. Koster R, Anderson M, de Beer EJ: Acetic acid for analgesic screening.
Fed Proc 1959, 18:412–414.

16. Eddy NB, Leimbach D: Synthetic analgesics: II dithienylbutenyl- and
dithienylbutenylamines. J Pharmacol Exp Ther 1953, 107:385–393.

17. Tallarida RJ: Drug synergism and dose-effect data analysis. Boca Ratón:
Chapman & Hall/CRC Press. USA; 2000:26–131.

18. Takemori AE, Ho BY, Naeseth JS, Portoghese PS: Nor-binaltorphimine, a
highly selective kappa-opioid antagonist in analgesic and receptor
binding assays. J Pharmacol Exp Ther 1988, 246:255–258.

19. Suzuki T, Narita M, Takahashi Y, Misawa M, Nagase H: Effects of nor-
binaltorphimine on the development of analgesic tolerance to and
physical dependence on morphine. Eur J Pharmacol 1992, 213:91–97.

20. Satyanarayana PSV, Jain NK, Singh A, Kulkarni SK: Isobolographic analysis of
interaction between cyclooxygenase inhibitors and tramadol in acetic
acid-induced writhing in mice. Prog Neuropsychopharmacol Biol Psychiatr
2004, 28:641–649.

21. Naidu PS, Lichtman AH, Archer CC, May EL, Harris LS, Aceto MD: NIH 11082
produces anti-depressant-like activity in the mouse tail-suspension test
through a delta-opioid receptor mechanism of action. Eur J Pharmacol
2007, 566:132–136.

22. Mary F, Divin MF, Holden Ko MC, Traynor JR: Comparison of the opioid
receptor antagonist properties of naltrexone and 6β-naltrexol in
morphine-naïve and morphine-dependent mice. Eur J Pharmacol 2008,
583:48–55.

23. Loscalzo LM, Wasowski C, Paladini AC, Marder M: Opioid receptors are
involved in the sedative and antinociceptive effects of hesperidin as
well as in its potentiation with benzodiazepines. Eur J Pharmacol 2008,
580:306–313.

24. Reichter A, Daughters RS, Rivard R, Simone DA: Peripheral and preemptive
opioid antinociception in a mouse visceral pain model. Pain 2001,
89:221–227.

25. Raynor K, Kong H, Chen Y, Yasuda Y, Bell GI, Reisine T: Pharmacological
characterization of cloned kappa-, delta-, and mu-opioid receptors.
Mol Pharmacol 1994, 45:330–334.

26. Raffa RB, Friderichs E, Reimann W, Shank RP, Codd EE, Vaught JL, Jacoby HI,
Selve N: Complementary and synergistic antinociceptive interaction
between the enantiomers of tramadol. J Pharmacol Exper Ther 1993,
267:331–340.

27. McQuay HJ, Sullivan AF, Smallman K, Dickenson H: Intrathecal opioids,
potency and lipophilicity. Pain 1989, 36:111–115.

28. Miranda HF, Silva E, Pinardi G: Synergy between the antinociceptive
effects of morphine and NSAIDs. Can J Physiol Pharmacol 2004,
82:331–338.

29. Romero A, Miranda HF, Puig MM: Antinociceptive effects of morphine,
fentanyl, tramadol and their combination, in morphine-tolerant mice.
Pharmacol Biochem Behav 2010, 97:363–369.

30. Sirohi S, Dighe SV, Walker EA, Yoburn CB: The analgesic efficacy of
fentanyl: relation to tolerance and μ-opioid receptor regulation.
Pharmacol Biochem Behav 2008, 91:115–120.

31. Collier HOJ, Dinneen LC, Johnson CA, Schneider C: The abdominal
constriction response and its suppression by analgesic drugs in the
mouse. Br J Pharmacol Chemother 1968, 32:295–310.

32. Neelakantan H, Walker EA: Temperature-dependent enhancement of the
antinociceptive effects of opioids in combination with gabapentin in
mice. Eur J Pharmacol 2012, 686:55–59.

33. Lemberg K, Kontinen VS, Viljakka K, Kylânlathi I, Yli-Kauhaluoma J, Kalso E:
Morphine, oxycodone, methadone and its enantiomers in different
models of nociception in the rat. Anesth Anal 2006, 102:1768–1774.

34. Pan YX, Xu J, Bolan E, Moskowitz HS, Xu M, Pasternak GW: Identification of
four novel exon 5 splice variants of the mouse mu-opioid receptor gene:
functional consequences of C-terminal splicing. Mol Pharmacol 2005,
68:866–875.

35. Hojo M, Sudo Y, Ando Y, Minami K, Takada M, Matsubara T, Kanaide M,
Taniyama K, Sumikawa K, Uezono Y: Mu-Opioid receptor forms a
functional heterodimer with cannabinoid CB1 receptor:
electrophysiological and FRET assay analysis. J Pharmacol Sci 2008,
108:308–319.

36. Barrera NP, Morales B, Torres S, Villalón M: Principles: mechanisms and
modeling of synergism in cellular responses. Trends Pharmacol Sci 2005,
26:526–532.

37. Simmons DL, Botting RM, Timothy HLA: Cyclooxygenase isozymes: the
biology of prostaglandin synthesis and inhibition. Pharmacol Rev 2004,
56:387–437.

38. Zhang Z, Pan ZZ: Synaptic mechanism for functional synergism between
δ- and μ- opioid receptors. J Neurosci 2010, 30:4735–4745.

doi:10.1186/s12929-014-0062-6
Cite this article as: Miranda et al.: Isobolographic analysis of the opioid-
opioid interactions in a tonic and a phasic mouse model of induced
nociceptive pain. Journal of Biomedical Science 2014 21:62.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Acetic acid writhing test
	Hot plate test
	Protocols
	Writhing and hot plate test

	Isobolographic analysis
	Drugs
	Statistical analysis

	Results
	Antinociception induced by opioids
	Effect of naltrexone (NTX), naltrindole (NTI) and nor-BNI in the antinociception of opioids
	Interactions between opioids
	Effect of naltrexone (NTX), naltrindole (NTI) and nor-BNI in the interactions of opioids

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


